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MODULAR FLUID FILTERCONSTRUCTION 

CROSS-REFERENCE TO A RELATED 
‘ ' APPLICATION 

The modular components disclosed herein are partic» 
ularly adapted to be assembled in the form of a Fluid 
Filter with Submerged Passages as broadly disclosed 
and claimed in co-pending Barnebey et al Pat‘. applica 

_ tion Ser. No. 122,970 file on Mar. 10, 1971 now aban 
cloned. 

BRIEF SUMMARY OF THE INVENTION 

This invention relates to granular-filled ?lters or ad 
sorbers in the form of a series of generally vertical 
plane surfaced layers of granular adsorbent with ?uid 
inlet and air outlet spaces ‘between alternate layers, as 
sembled in a housing such that the granular material 
may be poured into the layers to fill them and drained 
therefrom for renewal from time to time with fresh ma 
terial. The construction comprises modular sizes of 
housing components providing a fluid inlet manifold on 
one side and fluid outlet manifold on the opposite side, 
modular sizes of planar perforate walls for confining 
the granular filter in layers, modular sizes of formed 
strips fitting the edges of a pair of the planarwalls adja 
cent both the inlet and the outlet side of the housing, 
and a barrier contiguous with one edge of each such 
formed strip extending across the fluid space between 
adjacent layers of granular material to an edge of one 
of the formed strips for the next adjacent layer of gran 
ular material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings illustrate filter or adsorber assemblies 
constructed with a variety of embodiments of my in 
vention. 
FIG. 1 is a vertical cross section through assemblies 

provided with a filling hood at the top and discharge 
funnel at the bottom, and FIG. 2 is a vertical cross sec 
tion transverse to that shown in FIG. I, at the plane 
II—II in FIG. 1. 
FIGS. 3A, 3B, and 3C are horizontal cross sections 

of three alternate embodiments of this invention, at the 
plane III-III in FIG. 2. 
FIGS. 4A, 4B and 4C are plan views looking down on 

the housing and filter assembly with the hood removed, 
for the same three embodiments shown in section in 
FIGS. 3A, 3B and 3C. 
FIGS. 5, 6 and 7 illustrate another housing and filter 

assembly embodying my invention. FIG. Sis a side view 
of this assembly from which the greater part of the side 
of the housing on the viewer’s side has been removed, 
thus to shown the internal construction. FIG. 6 is a par 
tial section at the vertical plane VI—VI in FIG. 5, and 
FIG. 7 is a partial vertical section at the plane VII—VII 
in FIG. 5. ‘ 

FIG. 8 is an isometric view of the grating component 
which appears in assembled position in FIGS. 5, 6 and 
7. 
FIG. 9 is a section comparable to FIG. 2, illustrating 

hexagonal instead of square filter areas. 
FIGS. 10A and 10B are sectional views similar to 

FIGS. 3A and 3B, but illustrating the inlet and outlet 
nozzles on an axis of right angles to the axis on which 
they appear in FIGS. 3A and 3B. 
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DETAILED DESCRIPTION 

' My invention relates to the construction of filters and 
adsorbers for treating fluids, particularly air or other 
gases or vapors, with a particular adsorbent or filter 
material such as granular activated carbon. The con 
taining structure for the granular material is first assem 
bled of its component parts, and the spaces or Zones 
therein provided to contain the adsorbent or filter ma 
terial are filled after such assembly. These spaces for 
containing adsorbent include sealing layers as more 
fully disclosed in Barnebey et al, application Ser. No. 
122,970 filed on Mar. 10, 1971, entitled “Fluid Filter 
with Submerged Passages.” The present invention 
more particularly relates to such a filter construction 
assembled from sets of simple shop manufactured com 
ponents in modular dimensions, such that any of a di 
verse number of sizes and styles of adsorbers of filters 
can be assembled therefrom. 

Referring to the drawings, FIGS. 1 and 2 are vertical 
cross sections through the central axis of an embodi 
ment of this invention in which the containing housing 
10 is comprised of three major components. These are 
a downwardly ?ared hood 11 having a hinged or re— 
movable filling cover 12 at the top, a generally rectan 
gular central box section 13 provided on two opposite 
sides with ?uid inlet (or outlet) connections 14, and a 
bottom funnel portion 15 provided with granular mate 
rial discharge means, bottom dump gates 16 being illus~ 
trated in this particular example. 
Within the central box section 13, the components 

defining the zones or spaces which will be filled with 
granular material supplied through the hood II are as 
sembled. These components consist of four essential 
modular parts: (I) a set of vertically extending plane 
screens or perforated sheets 17 between alternate pairs 
of which the granular material is to be contained and 
open spaces for ?uid flow are provided, (2) a set of 
caps 18 and 18a placed over pairs of the screens 17 
above the open spaces to cover these spaces so that 
they will not be filled with granular material introduced 
through the hood ll, (3) two sets of preformed end 
strips generally indicated by the reference numeral 19 
in FIG. 2 which extend along the vertical edges ofpairs 
of screens on the inlet and outlet sides of the rectangu~ 
lar box 13, and (4) a set of barriers, thereafter more 
particularly described, between vertical edges of pairs 
of screens providing the open spaces. As illustrated in 
FIGS. 2, 3A, 3B, 3C, and 4A, 4B, 4C, the lsteral walls 
of box section 13 on two opposite sides, are spaced be 
yond the end strips 19 on opposite sides of the assem 
bly. This spacing thus forms a ?uid inlet manifold com 
municating with the ?uid inlet spaces between the 
strips 19 on one side of the assembly, and similarly 
forms a ?uid outlet manifold communicating with the 
outlet spaces between the strips 19 on the opposite side 
of the assembly. 

In the embodiments for which the axial vertical sec 
tions are as shown in FIGS. 1 and 2, the screen modules 
17 are square or rectangular (square modules being il 
lustrated) assembled in vertical planes which may be 
parallel as shown in FIGS. 3A and 3C, or in pairs hori 
zontally inclined as shown in FIG. 3B. The cap modules 
I8 and 18a and the end strip modules 19 are made and 
stocked in a variety of shapes and sizes to permit selec 
tion of any desired configuration of screen and barrier 
arrangement within a housing box 13. 
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The assembly of the internal modules de?ning the 
areas of granulated material zones or spaces rests upon 
a grating platform 20 at the junction of the bottom of 
the rectangular box 13 with the top of the funnel 15. As 
the filtering zones are filled from above with granulated 
materials, this material first ?ows through the grating 
to fill the funnel and provide a granulated carbon seal 
across the bottom of those pairs of screens 17 which 
define the empty or ?uid ?ow zones between such pairs 
of screens. 
The different screen arrangements shown in FIGS. 

3A, 3B, 3C and 4A, 4B and 4C, at their vertical midsec 
tions, all would appear as shown in FIGS. 1 and 2, 
FIGS. 3A, 3B and 3C being three different horizontal 
cross sections at the plane III-III in FIG. 2 and FIGS. 
4A, 4B and 4C being the corresponding plan view at 

‘ the top of the screens showing the various caps. 
In the arrangement illustrated by FIGS. 3A and 4A, 

the screens 17 are all parallel, and all except the ex 
treme end screens 17a are of the same modular dimen 
sions. The two end screens 17a are preferably some 
what shorter in width than the next screen 17 of the end 
pairs confining granulated adsorbent. On the ?uid out 
let side of the box, these end pairs of screens 17 and 
17a are held in, and spaced from the box walls by, sepa 
rate preformed end strip modules 19a and 19b respec 
tively, the strip 19b being spaced from the strip 19a at 
the distance equal to the difference in width of screens 
17a and 17b. The space between these strips 19a and 
19b is filled with granulated carbon. The two cap mod— 
ules 18a at the sides of the box 13 match in length the 
width ofthe screen modules 17a, thus covering only the 
air space between the end screens and the box wall but 
leaving uncovered the top area between end strip mod 
ules 19a and 19b for ?ow of granular material therein 
from the hood 11 above. 
The other end strip modules 190 in FIG. 3A are all 

alike and include, as an integral portion thereof, the 
barriers previously mentioned. These modules are in 
the form of flat sheets into which four parallel trans 
verse folds 21 have been formed, two being along the 
edges of the modules 190. These modules match in 
length the vertical height of the screen panels and the 
folds 20 embrace the vertical edges of the screens. The 
midportion 22 of these modules, between the two inte 
rior folds 21, forms the barrier closing the empty space 
(i.e., the inlet or outlet manifold) from the box interior 
on the side on which the end strip 19c is installed. 
The caps 18 match in length the full width of the 

screens 17 and are placed across pairs thereof to cover 
the open spaces below and prevent ?ow of granular 
material from hood 11 therein. These caps 18 and 18a 
correspond in function to the closure members 59 seen 
in FIG. 3 of Barnebey et al, Ser, No. 122,970 previously 
referred to, but are simpler modular design and form. 
The caps 18 are inverted channel shape in cross sec 
tion, and simply rest on the upper edges of the screens 
17, the downturned edges overlapping the screens on 
granular-material filled sides so as to embrace a pair of 
screens across the empty air spaces, as shown in FIG. 
1. Caps 18a are generally Z-shaped with rightangle 
bended ?anges on each side, assembled in the filter 
with one ?ange extending downwardly adjacent the 
screens 18a, on which that side of the caps 18a rest. 
The opposite side of the caps rest on a top edge of the 
rectangular box 13 and the upturned flange forms a 
corner on which the bottom edge ofthe hood I] is sup 

25 

35 

45 

55 

65 

4 
ported on each side of the assembly. These caps need 
not be fastened or tightly secured to the screens as the 
granular material surrounds the joints and provides all 
the seal necessary. 
FIGS. 3B and 4B illustrate an assembly of modules in 

which pairs of screens containing granular material are 
inclined to one another horizontally, the two screens 
during the empty space being spaced apart on one side 
but not on the opposite side, thus forming V~section air 
spaces between rectangular section, granular material 
filled filter or adsorbing panels. The two end screens 
17a are of less width than the interior screens 17, as in 
the FIG. 3A embodiment, and the end strips 19a and 
19b are also the same modules. The remaining end 
strips modules 19d areformed with three folds 21 only, 
the two screens which meet being both contained in the 
middle fold which thus constitutes the barrier, integral 
with the end strip, preventing ?uid ?ow directly from 
the air space between screens into, or from, the adja 
cent side of the box 13. The caps in this embodiment 
are also modules similar to those described in connec 
tion with FIG. 4A except that the end caps 18b in FIG. 
4B are truncated pyramids in plan view and the remain 
ing caps 18c are acute angle shaped in plan, covering 
air spaces of corresponding horizontal cross section, as 
shown in FIG. 4B. 
The arrangement of modular components illustrated 

in FIGS. 3C and 4C is constructed of screen modules 
17 and 17a all parallel to one another, caps 18 and 18a 
and corner forming edge strip modules 190 and 19b, 
differing from the FIG. 3A arrangement as to these 
components only in that the corners formed by the 
edge strips 19a and 19b are diagonally opposite one an 
other in FIG. 3C whereas they are on the same side (ei 
ther inlet or outlet side) of the assembly in FIG. 3A. 
The other edge strips 19c in this embodiment, however, 
have a width extending across one pair of screens only, 
and the barrier modules are imperforate sheets 22a of 
the same height as the screen modules 17, extending 
diagonally between opposite edges of screen modules 
17 under the caps 18. The adjoining edges of the bar 
rier modules 22a and the screen modules 17 are in 
serted in the same fold 21 at one side of a strip 190. 
The inlet and outlet nozzles 14 may be on any two 

opposite sides of the box 13. In FIGS. 2 and 3A, 3B, 
3C, the nozzles are shown on the sides parallel to the 
edge strips 19, that is, on the housing walls forming the 
outside of the inlet and outlet manifolds. FIGS. 10A 
and 10B illustrate assembly of the modules in a box 
with the nozzles 14 on opposite sides generally parallel 
to the screens 17a. With this arrangement, edge strips 
19b are located close to the side wall and edge strip 190 
is replaced by an angle shaped strip 19g placed against 
the wall, the ?rst adsorbent filled panel extending to 
the wall on one side. Thus the air spaces between the 
screens 17a and the walls of housing 13, to which the 
nozzles 14 connect, form ducts communicating with 
the inlet and outlet manifolds on the other two sides of 
the assembly. 
Comparing the ?ow of ?uid through the adsorber or 

filter assembly provided by these three different assem 
blies of the modules, in the FIG. 3A and FIG. 4A ar 
rangement there are shown ?ve open spaces under the 
caps 18a and 18 and four granular adsorbent filled pan 
els between pairs of screens 17a and 17. Assuming the 
?uid ?ow to be from left to right, ?uid to be treated cn< 
tcrs the two open spaces under caps I8a at opposite 
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sides of the box 13 and the central openv space under 
the cap 18 at the middle, being blocked from entering 
the other two spaces by the barriers 21. The ?uid then 
?ows transversely through the adsorbent ?lled panels 
into the remaining two passages, opening at the right 
hand side between the ends of strip modules 19a and 
19b. 
The FIG. 3B and FIG. 4B arrangement provides sub 

stantially the same ?ow pattern, but the horizontal V 
pattern is somewhat more compact, enabling six adsor 
bent filled panels to be assembled in the same housing 
which accommodates only four panels with the FIG. 
3A and FIG. 3B assembly. 
The ?ow using the module assembly arrangement of 

FIG. 3C contrasts with that of FIGS. 3A and 3B in that, 
with the diagonal barrier sheets 22, there are as many 
inlet and outlet openings between the edge strips as 
there are panels between screens 17 and 17a ?lled with 
adsorbent, and the out-?owing filtered ?uid from each 
panel is not commingled with such ?uid through the ad 
jacent panel until it enters the outlet manifold side of 
the rectangular box 13. 
The foregoing comparison of these three optional as 

semblies, which do not exhaust the variety of arrange 
ments that are possible using this modular construc 
tion, is given to provide a clear understanding of their 
operation. They all provide parallel ?ow transversely 
through each of a series of a plurality of panels of gran 
ular adsorbent or filter material. Such flow pattern is 
not per se new; it was known at least since 1884 when 
Kutsche‘s U.S. Pat. No. 296,758 for Dust Arrester is 
sued. Kutsche‘s construction was, however, merely an 
assembly of framed filtering screens and is not adapt 
able to granulated solids 
The filter assembly illustrated by FIGS. 5, 6, 7 and 8 

differs from the foregoing essentially in the housing ar 
rangement. The screens 17 and caps 18 may be the 
same modular parts as previously described and assem 
bled in the same manner. The grating ?oor 20a corre 
sponds to the grating 20 in FIGS. 1 and 2. However in 
this embodiment the hood 11 is replaced by a shallow 
rectangular frame 23 having removable cover plate 24, 
coextensive in area with the area of the top of the series 
of adsorbent panels and ?uid ?ow passages formed by 
the screen, edge strip and cap assembly. Instead of a 
funnel 15 which would be filled with granular adsor 
bent, in this embodiment a hinged dump door 25 is pro 
vided just below the grating ?oor 20a. This door is 
hinged at one side of the housing by hinge 26 and has 
a length sufficiently greater than the width of the rect 
angular screens that the granular material flowing 
through the grating laterally at its angle of repose be 
yond the bases of the edge strips 19, will not ?ow over 
the ends of the door but be entirely retained thereon. 
The sides of the door 25 are provided with upturned 
?anges 25a extending at least to the level of the top of 
the grating panel 200, and preferably slightly higher, as 
illustrated in the drawing figures, thus retaining the ma 
terial laterally such that the gate need not be substan 
tially wider than the panel assembly. Such doors may 
be constructed in modular sizes to provide stock sets 
from which can be selected any size fitting any screen 
width and number of panels. In FIGS. 5, 6 and 7 this 
door is shown extending, from hinge 26 to tip, parallel 
to the bottom edges of the screens 17 and just below 
the grating bar extensions which rest on ledges 27 fas 
tened to the side wall of the housing 28. 
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The housing 28 widened from the level of the door 

to its bottom opening which is covered by the remov 
able cover plate 29. This section of the housing has ver 
tical walls on three sides and a sloping wall on the side 
to which the door 25 is hinged, and extends down 
wardly far enough to permit the door to drop to a steep 
enough slope to act as self-cleaning chute for all the 
granular solids when the door is open. At that time, of 
course, the cover plate 29 would also be removed and 
a drum or sack would be placed under the opening to 
receive discharged material. The door may conve 
niently be closed by a cable 30 and winch 31, enclosed 
in a box-like extension of the housing 28 on one side 
through which extends the winch shaft operated by 
handle 32. The door is held closed by a latch 33 on a 
shaft 34 which extends through the housing wall where 
it is provided with a handle 35 by which the latch may 
be released when it is desired to empty the adsorber 
unit of granular adsorbent material. 
When the modular components have been assembled 

to provide a filter having the desired predetermined 
number and thickness of adsorbing or filtering zones 
each of a predetermined area, in accordance with the 
?ltering or adsorbing treatment for the gas to be 
treated at the rate of ?ow required, the cover plate 24 
is removed and the assembly is filled with granulated 
carbon or whatever other filtering or adsorbing mate 
rial is to be used. The operator makes certain that the 
door 25 is latched closed before filling the assemblyv 
The filling continues until the panel caps 18 have been 
covered with a sufficiently thick layer of adsorbent for 
sealing, the top layer being leveled off by a strike-off 
operation, and then the cover plate 24 is replaced. 
Meanwhile ?uid inlet and outlet conduits are con 
nected to the nozzles 36_ on opposite sides of the hous 
ing, and the filter is ready for operation. 

In the foregoing examples, the screen modules 17 il 
lustrated are rectangular, but other shapes may be used 
as well. FIG. 9 is a sectional view similar to FIG. 2, but 
having hexagonal screens 17b. A transverse section 
through the center of this embodiment, at the plane 
I—-I in FIG. 9, is the same as in FIG. 1. In this embodi 
ment, the hood 11a and funnel 15a are shown with in 
clined walls from the doors to opposite ends of the se 
ries of panels (FIG. 1), the other two walls being verti 
cal (FIG. 9), the door 12 and gates 16 being as wide as 
one side of the hexagonal screens. The central box sec 
tion 13a is constructed with a width somewhat greater 
than the diagonal of the hexagonal screen assembly, 
and provided with removable cover plates 13b on each 
side for the placement of this assembly into the box. 
The edge strips 19fin FIG. 2 are shown bent to an 120° 
obtuse angle at their centers to fit two sides of the hex 
agonal screens but they may be made of two separate 
straight strip modules each of the same length as a side 
of the hexagonal screens 17b. 

In all the embodiments described above, there may 
be included screen interior supporting and spacing 
modules in the form of woven wire panels 37 shown in 
FIG. 1, in which the woven helical wire loops of which 
the panel is woven have the width desired between 
pairs of adjacent screens 17. Such woven wire supports 
are shown in the open passages for inlet or outlet of air 
or other ?uid, in FIG. 1, but they may be alternatively, 
or additionally, provided between pairs of screens con— 
taining granulated solids. These screen spacing and 
supporting modules may, if desired, be wired or other 
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wise attached to the screens at one or more points, 
which may be preferred if installed only between alter 
nate pairs of screens. Such would be the case in the em~ 
bodiments of FIGS. 38 and 3C; in the former, the spac 
ing modules 37 would be between parallel screens 17 
only, while in the latter, they would not be placed be 
tween screens where the diagonal barriers 22a cross the 
passages diagonally. 

I claim: 
1. In a ?uid-solids contacting assembly of the class of 

?lters and adsorbers in the form of a series of generally 
vertical plane-surfaced layers of granular ?uid~treating 
material alternately arranged between fluid inlet and 
fluid outlet spaces, the improvement comprising a com 
bination of modular apparatus components adapted for 
factory or field assembly into adsorbers of selectable 
sizes and capacities, said combination being comprised 
of: 

a. a housing enclosure for said adsorber in laterally 
spaced relation to said layers of granular ?uid 
treating material providing a ?uid inlet manifold on 
one side and a ?uid outlet manifold on the opposite 
side thereof, 

b. a series of pairs of vertically extending perforate 
planar wall components assembled between said 
fluid inlet and ?uid outlet manifolds within said 
housing, the two wall components of each pair 
being in spaced-apart, parallel planes and consti 
tuting means for confining a layer of granular ?uid 
treating material within each of said pairs, said 
pairs of perforate wall components being open 
within said housing along the top and bottom edges 
of said perforate wall components, 

0. caps spacing apart adjacent pairs of perforate wall 
components between the top edges thereof from 
?uid inlet to ?uid outlet manifold within said hous— 
ing, said caps covering the spaces between said 
pairs whereby said spaces remain open ?uid inlet 
and ?uid outlet spaces alternating between said 
pairs; 

d. edge strips extending between and fitting the side 
edges of said pairs of perforate wall components 
adjacent said ?uid inlet and ?uid outlet manifolds, 
said edge strips thus bounding the lateral edges of 
the layers of granular ?uid-treating material con 
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8 
tained within said pairs of wall components; 

e. means contiguous with the edges of said edge strips 
fitting the side edges of said pairs of perforate wall 
components, said means forming barriers prevent 
ing direct ?uid ?ow from said ?uid inlet manifold 
to said ?uid outlet manifold through the open 
spaces between said pairs of perforate wall compo 
nents 

. said housing including granular material enclosure 
components above and below the assembled pairs 
of perforate wall components, namely 
i. means for retaining a top layer of granular mate‘ 

rial covering said caps and the layers of granular 
material confined within said pairs of perforate 
wall components, and 

ii means for retaining a bottom layer of granular 
material at the base of said perforate wall compo 
nents, said bottom layer forming the bottom 
boundary of said ?uid inlet and ?uid outlet 
spaces covered by said caps and also supporting 
the granular material layers confined within said 
pairs of perforate wall components. 

2. A ?uid-solids contact assembly as set forth in claim 
1, further characterized in that said edge strips are pro 
vided with pleats extending along their edges forming 
channels to receive the lateral edges of at least one pair 
of said planar walls. 

3. An assembly as set forth in claim 1 further charac 
terized in that said edge strips are provided with addi 
tional pleats intermediate their edges to receive the lat 
eral edges of two pairs of said planar walls. 

4. A ?uid-solids contact assembly as set forth in claim 
I in which said means for retaining a layer of granular 
material covering said caps is a downwardly ?ared 
hood at the top of said housing and said means for re 
taining a layer of granular material resting against the 
bottom edges of said perforate planar wall components 
is a funnel at the bottom of said housing having a nor 
mally closed opening at the outlet thereof. 

5. A ?uid-solids contactor as set forth in claim 1 in 
which said means for retaining a layer of granular mate 
rial resting against the bottom edges of said perforate 
planar wall components is a hinged dump door 
mounted below said bottom edges. 
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